The recent discovery of deep and ultra-deep gas reservoirs in the Permian Changxing Formation reefs, northeastern Sichuan Basin is a significant development in marine carbonate oil & gas exploration in China. Reef dolomites and their origins have been major research topics for sedimentologists and oil & gas geologists. The petrography, trace element and isotope geochemistry of 
rare in global marine carbonate reservoirs, and thus the genesis research of reef dolomites in the Permian Changxing Formation, northeastern Sichuan Basin has important which are significant reservoirs, including the mixed-water many problems have still not been satisfactorily resolved in these studies, especially detailed geochemical studies. We typical Changxing Formation reef dolomites in the Puguang reef dolomites, to further understand the genetic environment and mechanism of reef dolomites in the Permian Changxing Formation, northeastern Sichuan Basin.
Geological setting
The northeastern Sichuan Basin is located in the northeast preserved original textures were mostly formed by composed of reef-building sponges) ( Fig. 2(a) ), and some dolomites still had a small amount of binding textures (mainly blue-green algae binding texture) ( Fig. 2(b) ). The samples consisted mostly of microcrystalline dolomite, and some anhedral crystals, but late dolomite deposited along the edge of vugs often forms euhedral crystals ( Fig. 2(c) ). The calcite ( Fig. 2(a) ), which might be related to the late sparry dolomites with rare visible pores is poor and intercrystalline the most original textures of the carbonate grains and reef-2) Crystalline dolomites. These dolomites with poor original textures and little residual textures have mainly crystalline granular textures, but some samples with transitional texture types retain visible bioclastic textures, such as bivalves, fusulinaceas, and echinoderms ( Fig. 2(d)) or relatively coarse medium-crystalline dolomite. The crystalline dolomites could be further divided into very fine crystalline dolomites, fine crystalline dolomites and a small amount of medium crystalline dolomites. The very crystalline subhedral-anhedral dolomite (0.02-0.05 mm). The fine crystalline dolomites are mainly composed of fine crystalline subhedral dolomite (0.1-0.2 mm). The pores of crystalline dolomites included intercrystalline pores ( Fig. 2(d) , (e)) and vugs ( Fig. 2(d Fig. 3(a) ). The average Sr content of vug calcite can reach 608 ppm and the maximum Sr content of vug calcite Sr contents are not related to the different texture types of dolomites. The Sr content is related to the crystal chemistry of dolomite, and the Sr distribution coefficient in dolomite is significantly less than (theoretically only half) the Sr 1990), so there are not very high Sr contents in dolomites al, 2011). Only one crystalline dolomites sample had an exceptionally high Sr content (1,768 ppm), which might be related to the late calcite cements which filled the pores of dolomites (Table 1) . Formation reef dolomites are all less than 100 ppm (Table 1 , Fig. 3(b) ), and their average Fe contents are less than 1,000 of vug calcite are as low as 5 ppm and 117 ppm respectively (Table 1 
Characteristics of C and O isotopes
13 C values of the reef dolomites are very similar, and mainly range from 2.5‰ to 3‰ ( 
Characteristics of Sr isotopic ratio
The average 87 Sr/ 86 Sr ratios of the reef dolomites 0.70765 (crystalline dolomites) and 0.70786 (vug dolomite) respectively (Table 1 , Fig. 4(c) 87 Sr/ 86 Sr ratio of crystalline dolomites is the lowest (Fig. 4(c) ). These average 87 Sr/ 86 Sr ratios are higher than that of the vug calcite (Table 1 ). The average 87 Sr/ 86 Sr ratios of dolomites and vug 87 Sr/ 86 Sr ratios of the Permian Changhsingian seawater (0.7070-0.7073) 87 Sr/ 86 Sr with that of the Permian Changhsingian seawater (Fig. 5) . Therefore the dolomites and vug calcite are mixed with high concentrations of radiogenic strontium from external isotope composition of the coeval seawater.
(it is largely the source of magnesium), we can use the mechanism of the reef dolomites would be solved, including the formation environment and genetic mechanism.
Formation reef dolomites (except the vug calcite) are higher Feixianguan crystalline dolomites, 19.6 ppm and 353.3 ppm differences of the textural characteristics and the average reef dolomites reflect the differences in the timing of their Pet.Sci.(2013) Fig. 7) , so the calculated results seemed to support that near-surface mixtures.
of meteoric water as derived in the above calculation, the Fe, 12 C and 16 O. In fact, the hypothesis of mixtures is very different from the geochemical characteristics of the Permian 13 C values in the most reef dolomites, and very high Sr contents of some sparry calcite cements formed in the late diagenetic fluids than 100 °C, and the main temperature ranges of the saline fluid inclusions from the dolomite and calcite are in good agreement, mainly concentrated between 120 °C and 160 °C (Fig. 8) , indicating the precipitation of dolomite and calcite is related to the diagenesis fluids under high temperature be the near-surface meteoric water or mixtures. For these reasons, there were not large proportions of meteoric water in deep-burial diagenetic fluids that had circulated through and Fe contents of 2,090 ppm and 22,010 ppm, and average reef dolomites are low and relatively low, respectively (Table  1) . If there were the mixture of throughflows or pore fluids enriched in radiogenic Sr from the deeply buried clastic should have much higher 87 Sr/ 86 Sr ratios than that of coeval 87 Sr/ 86 Sr ratios of the reef dolomites were still close to those of coeval seawater supported. 3) The average 87 Sr/ 86 Sr ratios of the reef dolomites are 87 Sr/ 86 higher than the range of the 87 Sr/ 86 Sr ratios of the Permian Changhsingian seawater. The reef dolomites are mixed with high concentrations of radiogenic strontium from external 13 dolomites did not support that there were large proportions of 87 Sr/ 86 Sr ratios which were close to those of coeval seawater also did not support the possibility of the mixture of deep-burial 13 C values from the dissolution of widely distributed Triassic evaporites during burial diagenetic processes (including dehydration of water-bearing evaporites) could have been the were not related to the near-surface meteoric water and throughflows or pore fluids from the deeply buried clastic 13 Province, 1997) , so the middle-late Early fluids of the reef dolomites. Large-scale potassium-rich and boron-rich subsurface brines have been found in the (Lin et al, 2004) , and the upper part of the underlying Lower evaporites (mainly consisting of gypsums) also provided favorable conditions for a large amount of brine being enriched in the neighboring strata (Chen, 2005; Zheng et al, 2011) . Therefore, the high temperature deep-burial circulated 13 C values from the dissolution of widely distributed
